Digital photogrammetry and remote sensing solutions applied under the project and combined with the geographical information system made it possible to utilize data originating from various sources and dating back to different periods. Research works made use of archival and up-to-date aerial images, satellite images, orthophotomaps. Multitemporal data served for mapping and monitoring intermediate conditions of the Baltic Sea shore zone without a need for a direct interference in the environment. The main objective of research was to determine the dynamics and volume of sea shore changes along the selected part of coast in the period of 1951-2004, and to assess the tendencies of shore development in that area. For each of the six annual data sets, the following were determined: front dune base line, water line and the beach width. The location of the dune base line, which reflects the course of the shoreline in a given year was reconstructed based on stereoscopic study of images from each annual set. Unidirectional changes in the period of 1951-2004 occurred only within 10% of the examined shore section length. The examined shore is marked by a high and considerable dynamics of changes. Almost half of the shore, in particular the middle coast shows big changes, in excess of 2 m/year. The limits of shoreline changes ranged from 120 to -90 m, and their velocity from 0 to 11 m/year, save that the middle and west parts of the examined coast section were subjected to definitely more intense shore transformations. Research based on the analysis of multitemporal aerial images made it possible to reconstruct the intermediate conditions of the Baltic Sea shoreline and determine the volume and rate of changes in the location of dune base line in the examined period of 53 years, and to find out tendencies of shore development and dynamics.
INTRODUCTION
Data obtained from the aerial ceiling and satellite ceiling constitute an important source of information in the investigation of the shore zone. Examples of application of teledetection methods in the investigation of coastal processes, and of phenomena occurring in direct neighbourhood of the seashore, as well as their effects can be found in many reference books and papers (Leatherman 1993 , McClennen et al. 2000 , Schwarzer et al. 2003 , Ricchetti et al. 2004 , Friedman et al. 2007 , Musielak 1991 , Zawadzka-Kahlau 1999 a, b, Furmańczyk et al. 2005 , 2006a ,b, Michałowska et al. 2007 . The work by Ricchetti (2004) presents an investigation of changes in the shore zone with the use of satellite and aerial images dating from three periods and covering in total more than 50 years. It demonstrates methods of determination of erosion and accumulation areas, and the assessment of the impact of man's activity within last several decades. In research on coastal changes and morphological changes of dunes conducted by Friedman (2007) , multitemporal air images and DTM from two annual data sets were utilized. Investigation of changes in the range of deflation and accumulation, and analyses of horizontal dislocation of the biggest active dune field on the US east coast (North Carolina) (Mitasova et al. 2005 ) made use of multitemporal DEM from the period of 1974-2004. The research area extends at the length of 32 kilometres along the south coast of the Baltic Sea. The characteristic element of that landscape is the Mierzeja Łebska Sandbar that isolates coastal lakes from the sea. In the central part of the sandbar, on the area of more than 500 ha, there are migrating dunes that travel with the speed of 3-10 km/year, from the west to the east, in accordance with the direction of prevailing winds (Miszalski 1973) . The geological composition of surface formations that affect the development of morphological processes in the investigated area is little diversified. There are mainly four types of sedimentary rocks there, which differ both in respect of their age, and genesis. The most common material, especially in the sandbar strip, are marine accumulation sands that have been accumulating since the late Pleistocene until the present day, and have been transported in an eolian way to the back of the shore.
That area is marked mainly by low dune shores of diversified configuration, which -when moving away from the seaevolves into sand banks of different height and width. There exists a typical arrangement of zones situated parallel to the sea shore. Along the shoreline, in the direct vicinity of water, there extends a beach, which transforms into a strip of white front dunes that sometimes are overgrown with high seaside grasses. Within the area under investigation, a whole array of different eolian forms can be found, connected both with the accumulation, and deflation activities of the wind (Borówka 1980) . The accumulation forms include seaside barkhans, barkhan and crescentic dunes, crescentic dunes, bank dunes, as well as irregular hills.
DATA AND METHODOLOGY

Data
Digital photogrammetry and remote sensing solutions applied under the project and combined with the geographical information system made it possible to utilize data originating from various sources and dating back to different periods. Research works made use of archival and up-to-date aerial images, satellite images, orthophotomaps. Multitemporal data served for mapping and monitoring intermediate conditions of the Baltic Sea shore zone without a need for a direct interference in the environment (Michałowska, 2007) . The main objective of research was to determine the dynamics and volume of sea shore changes along the selected part of coast in the period of 1951-2004, and to assess the tendencies of shore development in that area. For each of the six annual data sets, the following were determined: front dune base line, water line (the so-called shoreline), and the beach width. The location of the dune base line, which reflects the course of the shoreline in a given year was reconstructed based on stereoscopic study of images from each annual set.
To reconstruct the location of selected morphodynamical elements of the sea shore profiles, i.e. front dune base line and ridge line, six series of aerial photos of the south Baltic Sea coast area were used.
Methodology
The location of dune base line that reflects the course of the shoreline in a given year was reconstructed based on stereoscopic study of images from each annual set. In order to determine the size of changes in successive years, the distance from dune base line to base line (reference line) was measured, perpendicularly to elevation line, at 10-metre intervals. The base line was marked out on the basis of coast kilometre marker data provided by the Maritime Office, as marked on topographic maps, scale 1:10 000.
On the basis of distance between the base line and dune base line, values of difference in the location of dune base lines in particular years were calculated, and also charts of shore changes in successive time intervals were drawn.
The beach width factor (BWF) was determined for the examined coast fragment. In order to establish the BWF value, average beach widths within the whole length of the coast section under consideration in successive years were calculated. By calculating the ratio of the beach width at each point (measured at 10-metre intervals) and the average beach width, the BWF values were obtained. Calculation results are displayed below (Fig. 4) . Values higher than 1 (BWF>1) show places, in which the beach is wide, whereas values lower than 1 (BWF<1) show those beach sections, which are narrower than the average beach width. When the value equals one (BWF=1) this means that the beach width value amounts to the average beach width value (Furmańczyk 1994) .
ANALYSIS OF RESULTS
Changes in dune base lines in particular time intervals
The analysis of the size of changes in dune base lines in the examined period of 1951-2004 demonstrates (Fig. 1 ) that in the investigated coast fragment dune base line has been subjected to considerable relocations, gaining, as a result of erosion, almost -90 m in the section near 211.1 (B1) and 204.0 (B2) coast kilometre marker points, while in the areas of 201.5 (A2) and 213.9 (A1) coast kilometre marker points it has gained, as a result of accumulation, 120 m and 100 m, respectively. When analysing Figure 38 in a greater detail, one can notice within the examined area the occurrence of a certain cyclicity of coast changes. One can also find out that areas A1, A2, A3 and A4 are, in a sense, equivalent, just like areas B1, B2, B3 and B4. 
The length of shore sections of an accumulation and erosion
On the basis of analysis of the total length of shore sections of accumulation and erosion types, performed for the coast fragment under examination in particular time periods, one can say that the length of accumulation sections and of erosion sections in four time periods, i.e. 1951-1964, 1964-1975, 1975-1984, and 1984-1995 is comparable. At the same time, in the first two time periods we can see that the total length of accumulation sections is slightly bigger, and differs by 0.9 and 0.4 km from that of erosion parts of the shore. On the other hand, in the successive years of 1975-1984 and 1984-1995 (Fig. 3) , whereas the length of the shore being destroyed by the sea constitutes 44% of the examined coast, and amounts to 13.1 km.
The beach width factor (BWF)
When analysing the BWF values in successive years (Fig. 4) , one has to conclude that within the examined coast there occur, alternately, narrow and wide beach strips, and, at the same time, it is possible to isolate two characteristic areas: western, in which the BWF values is mainly lower than one, and eastern with the prevalence of wide beach sections. The border between those areas is relatively fixed, and is situated around the 201-204 km coast kilometre marker points (with a tendency of the border moving towards the east in successive years). The western area is marked by the prevalence of narrow beach sections and beach sections of variable width, in which, alternately, processes of beach destroying and rebuilding take place. On the basis of analysis of the chart that shows the average BWF value one can ascertain that the examined fragment of the part of Baltic Sea coast is split into two areas of narrow and wide beach, with a clearly identifiable border around the 203rd kilometre (Fig. 5) . The western part of the beach is distinguished by BWF values being lower than 1 or sometimes approximating 1, except for the 215.3 km-214.2 km section, where the BWF value does not exceed 1.5. The eastern part is marked by a definite prevalence of wide and very wide beach sections, as demonstrated by average BWF values over the unity line. An exception is the section around the 196 km-197 km coast kilometre marker points, and around 187 km-188.5 coast kilometre marker points, where average BWF values are lower than 1. By far, absolutely the highest value of the beach width factor amounting to 2 can be seen near the 191st kilometre, and in the section of 190 km-191.5 km coast kilometre marker points, the BWF value falls within the range of 1.5-2, from which one can reach a conclusion about a great width of the beach in that place that has continuously been persisting in successive years.
CONCLUSION
Digital photogrammetry and remote sensing solutions applied under the project and combined with the geographical information system made it possible to utilize data originating from various sources and dating back to different periods.
Research works made use of archival and up-to-date aerial images, satellite images, orthophotomaps. Multitemporal data served for mapping and monitoring intermediate conditions of the Baltic Sea shore zone without a need for a direct interference in the environment.
The main objective of research was to determine the dynamics and volume of sea shore changes along the selected part of coast in the period of 1951-2004, and to assess the tendencies of shore development in that area.
For each of the six annual data sets, the following were determined: front dune base line, water line (the so-called shoreline), and the beach width. The location of the dune base line, which reflects the course of the shoreline in a given year was reconstructed based on stereoscopic study of images from each annual set.
Within the whole examined area, the changeability of the shoreline course has an oscillating nature, in which one can observe accumulation and erosion processes taking place alternately. Unidirectional changes in the period of 1951-2004 occurred only within 10% of the examined shore section length. On the basis of dynamic shore classification for the examined part of Baltic Sea coast section in 1951-2004 it was found out that half of the examined section was of an accumulative nature, while more than 1/3 displayed erosional tendencies. Dynamic balance existed within only 14% of the examined shore area. The examined shore is marked by a high and considerable dynamics of changes. Almost half of the shore, in particular the middle coast (1/3 of the examined section) shows big changes, in excess of 2 m/year. No sections of stable shore occur within the selected part of coast The limits of shoreline changes ranged from 120 to -90 m, and their velocity from 0 to 11 m/year, save that the middle and west parts of the examined coast section were subjected to definitely more intense shore transformations.
Research based on the analysis of multitemporal aerial images from 1951-2004 made it possible to reconstruct the intermediate conditions of the Baltic Sea shoreline and determine the volume and rate of changes in the location of dune base line in the examined period of 53 years, and to find out tendencies of shore development and dynamics.
